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1. A 7lDeta- (carboxyalkenoyl amino) -3-cephem-4-carboxyl'ic 
acid compound represented b y fo llowing formula and its 
derivatives 1 r * . 7^- 

\ R-C-CONH'-J .-'X'"* *2 W / 

ii T~r i ^3 

! CR 1 O^ 1 

1 R 2 — COOR 3 COOR 6 / /6 

(v/ herein R i si aryl or a h e t e r o c v_c _U.-C-— q.r.o.u p ; 

R 1 is hydrogen or halogen; "^3 

a . . - 7 

R is a singlet bond, alkylene, or thiaalkylene; ■■ 2^ 


derivatives :\ 


R-C-COMH'^- 


CR 1 O' 


R 2 -COOR 3 COOR 6 


is hydrogen or halogen; 


is a singlet bond, alkylene, or thiaalkylene; 


R 3 is a hydrogen atom, salt forming atom or group, or ester 
forming group; 

R* is hydrogen Lr methoxy; 


R 5 is hydrogen or a 3-substituent of cephalosporins; 

R 6 is a hydrogen atom, salt forming atom or group, or ester 
forming group,;/^nd 
X is oxygen, suliur, or sulfinyl. 


with the proviso! that when R 2 is thiaalkylene, R 1 is halogen) . 

2. A compe-dnd claimed in Claim 1 wherein 7-acylamido double 
bond has amido and carboxylic substituents in cis position. 

3. A compound! claimed in Claim 1 wherein R is phenyl, 
furyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, or thiadi- 
azolyl, especially! that wherein R is optionally protected 


ammoisoxazolyl, aminothiazolyl, or aminothiadiazolyl. 

4. A compound as claimed in Claim 1 wherein R is optionally 
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protected^ aminothiazolyl . 


5. A compound as claimed in Claim 1 wherein R 1 is hydrogen 
or chlorinel. 

6. A compound as claimed in Claim 1 wherein R 2 is 
optionally branched 1 to 3C alkylene. 

7. A compound as claimed in Claim 1 wherein R* is hydrogen. 

S. A compound as claimed in Claim 1 wherein R 5 is hydrogen, 

vinyl, cyanovi'nyl, trifluoropropenyl, acetoxymethyl, carbamoyl- 
oxymethyl, triazolylthiomethyl, raethyltetrazolylthiomethyl, or 
thiadiazolylthiomethyl optionally substituted by amino, 
aminomethyl, or 'methyl. 

9. A compound as claimed in Claim 1 wherein R 3 and/or R 8 is 

hydrogen, alkal i taetal , or a pharmacelTutically acceptable ester 
group. I 

10. A compound (as claimed in Claim 1 wherein R 3 and/or R s is 

kvk /ester-f ormina crouD. * 


an alkyl or aralk^ 


11. A compound /as claimed in Claim 1 wherein X is sulfurT^ 

12. A compoun^fcisj claimed in Claim 1 that is one selected 

from the group c op-s-t is ting o f : ^ 

7beta- [ 2- (2-aminothiazol-4-yl) -4-carboxy-*2-butenoylamino] - 

3-cephem-4-carboxylic acid, 

lazol-4- 


7beta- C 2- ( 2-aminothi' 


\ 


yl) -4-carboxy-2-butenoylaminoJ - 


3-methyl-3-cephemr4-carboxylic acid, 

7beta-[2-( 2-aminothiazol-4-y 1) -4-carboxy-2-butenoyl amino] - 


7beta\l 2— ( 2-aminothiazol-4-yl) — 4-carboxy— 2— butenoylamino J - 
3-tr \fluor opr openy 1-3 -cephem- 4 -car boxylic acid, 

7 be ta— [ 2\ ( 2— amino thiaz ol — 4— yl ) —4— car boxy — 2— butenoylamino ] — 
3 -ace t©xymethyl-3 — cephem- 4 -carboxyl i c acid , 

7beta- [ 2- ( 2-aminothiazol-4-yl) -4-carboxy-2-butenoylamino]- 
3 -car bamoyloxyme thy 1-3 -cephem- 4-car boxylic acid , 

7beta- [ 2- ( 2-aminothiazol-4-yl) -4-carboxy-2-butenoy lamino ] - 
3-methoxym'ethyl-3-cephem-4-carboxylic acid, 

7beta- [ 2- < 2-am\^nothiazol-4-yl ) -4-carboxy-2-butenoy lamino] - 
3 -methyl thio'me thy 1-3 -cephem- 4-car boxylic acid, 

7beta- [ 2- ( 2-ami n\j thiaz ol-4-yl) -4-carboxy- 2-butenoy lamino ] - 
3 -cyanomethylbihiomethy 1-3 -cephem- 4 -car boxylic acid, 
7beta- l 2- ( 2-aminothiazol-4-yl) -4-carboxy-2-butenoylamino] - 
3-pyriainioe thy 1-3 -cephem- 4 -carboxyl ate, 

7beta- [ 2- ( 2-aminothi^/ol— 4-yl) -4-carboxy-2-butenoylamino] - 
3— t r iaz olyl thi omethy 1-3 -cephem— 4— car boxyl ic acid , 

7beta- [ 2- ( 2— amino thiA^x>l— 4-yl ) - 4-ca r bo xy— 2-butenoy lamino ] — 
3— thi ad iaz olyl thiiomethy 1— 3 —cephem— 4— carboxyl i c acid , 
7beta- [ 2- ( 2-aminothiazbl-4-yl) -4-carboxy-2-butenoylamino] - 
3— methyl tetrazolyl th^.ome thy 1-3 -cephem- 4-car boxylic acid , 
7beta- [ 2 - ( 2-aminothiazol-4-yl) -4-carboxy-2-butenoylamino] - 
3-methoxy-3-cephem-4-carboxylic acid, 

7beta- [ 2- ( 2-aminothiazol-U-yl) -4-carboxy-2-butenoylamino] - 
3-chlor o-3-cephem-4-caitooxylic acid, 

7 beta— [ 2 — ( 2— aminothiazol — 4-\yl ) —4— car boxy— 2— butenoylamino] — 
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3-flmor oe thy 1th io-3-cephem- 4-car boxy lie acid, 

7beta-[ 2\ ( 2-aminothiazol-4-yl) - 4-car boxy- 2-butenoyl ami no] - 
3-tr if luoroe thy lthio-3-cephem- 4-car boxy lie acid, 

7beta-[ 2- u2-aminothiazol-4-yl) -5-carboxy-2-pentenoyl amino] - 
3-cephenvr4-carboxylic acid, 

7beta-[ 2- (2-\aminothiazol-4-yl) -6-carboxy-2-hexenoylamino] - 
3-cephem-4^carboxylic acid, 

7beta- [ 2- ( 2-airtinothiazol-4-yl) -4-carboxy-2-pentenoylamino] - 
3-cephem-4-c^arboxylic acid, 

7beta-[2-( 2-aminothiazol-4-yl) -4-carboxy-4-methyl-2-penten- 
oylamino] -3-c'ephem-4-carboxylic acid, and 
7beta- [ 2- ( 2-aminothiazol-4-yl) -4-carboxy-3-chloro-2-buten- 
oylamino] -3-cephem-4-carboxyl ic acid, 
and its salt and elsl/ers. 

13. A process jfor /preparing a compound as claimed in Claim 1 
which comprises amidating 7beta-amino-3-cephem-4-carboxylic 
acid derivative rjeplesented by the following formula: 



COOR 6 

(wherein R 1 *, R s , R 6 , hnd X are as defined in Claim 1) 
or its reactive derivative with carboxyalkenoic acid 
represented by the following formula: 
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RCCOO.H- 

1 / 

CR 1 — R 2 — COOR 3 

(wherein R, E 1 , R 2 , and H 3 are as defined in Claim 1) 
or its \eactive derivative. 

14. A uprocess for preparing a salt as claimed in Claim 1 
which comprises neutralizing a 7beta- (carboxyalkenoylamino) -3- 
cephem-4-cavr boxy lie acid represented by the following formula: 




■C-CONH-J r-'X'-, 

L 


R-C- CON Bi- 

ll 

CR 1 O' 

I 

E 2 -COOR 3 COOR 6 

(wherein E, R 3 , R 6 , R s , R 6 , and X are as defined in 


and i-: s are hydrogen) 


Claim 1 provided\ that at least one of R 
or its reactive derivative with a base. 

15. A process f^r^prepar ing a compound as claimed in Claim 1 
which comprises injt^bdticing a 3-function in a conventional 
manner selected from 3,/double bond introduction by basic or 
thermal eliminatiort.'bf the corresponding 3- (hydroxy, acyloxy. 


i, sul^Axide r< 


or halo) cepham, sulfoxide reduction, reduction of 3-(halo or 3- 
sulf onyloxy) cephem, and displacement of 3- (leaving group- 
substituted) methyl— 3— cephem with the corresponding nucleophilic 
reagent. 

16. A process for preparing a compound as claimed in Claim 1 
which comprises deproteeming a protected amino or protected 
carboxy of protected 7beta— (carboxyalkenoylamino) —3— cephem— 
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4-^-carboxylic acid represented by the following formula: 


R-C-CONH 

II x 

CR 1 O 



R 2 — COOR 3 COOR 6 

(wherein \R, R 1 , R 2 , R 3 , R k , R 6 , and X are as defined in Claim 1 
provided tkiat at least one of R, R 3 , R s , and R s is protected) 
or its reactdve derivative in a conventional manner. 

17. An antibacterial composition comprising an effective 
amount of the compound as claimed in Claim 9 and conventional 
carrier. 

18. A method f&r combating bacteria which comprises bringing 


an effective amountX of the compound as claimed in Claim 9 to 




contact with the bacteria. 

19. A compound represented by the following formula: 


tCCOOR 6 

1 / 

CR 1 -R 2 — COOR 3 


(wherein R, R l , R 2 , R 3 / and R 6 , are as defined in Claim 1 ). 

20. A compound claimed Vn Claim 19 wherein R is amino- 
thiazolyl optionally protected by benzyloxycarbonyl, t-butoxy- 
carbonyl, methylbenzyloxycarnonyl formyl, chloroacety 1 , or 
benzal. 

21 . A compound as claimed in\ Claim 19 wherein R 1 is 
hydrogen. 

22. A compound as claimed in C\aim 19 wherein R 2 is 1 to 3C 
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optionally branched alkylene, 

23. A i^ompo und as claimed in Claim 22 wherein R* is 
methylene 

24. A compound as claimed in Claim 19 wherein R 3 is 
hydrogen, methyl, t— butyl, benzyl, methylbenzyl, p— methoxy- 
benzyl, or p-n\i trobenzyl . 

25. A compound as claimed in Claim 19 wherein R 6 is 
hydrogen, diphen^lmethyl, or p-methoxybenzyl. 

26. A process for preparing a compound as claimed in Claim 
19, which comprise^ subjecting an oxalate of the following 
formula: 

R— CG-ciDOR® 

(wherein R and R 6 are\as defined in Claim 1) 

to the Wittig type rea'cti/^ by treating with an alkylidene- 
phosphorane of the folj^v^i^g formula: 

Ar^ P = CR Jp'R* -COOR 3 

(wherein R 1 , R 2 , and R 3 ^re as defined in Claim 1 and Ar is 
aryl) 

in an inert solvent at 50°'p to 120°C for 10 minutes to 10 
hour s . 

27. A process for preparing a compound as claimed in Claim 
19, which comprises subjecting a formyl oxalate of the 
following formula: 


R-CII-COOR® 


Ar 3 P; 


(whereinYl and R s are as defined in Claim 1) 

or its acetal to the Wittig type reaction by treating with an 
alkylidenepjiosphorane of the following formula: 

: CH— R 2 °— COOR 3 

(wherein Ar aVid R 3 are as defined in Claim 26, and R 29 is a 
single bond on 1 to 3C alkylene) 

in an inert solvent at 50°C to 120°C for 10 minutes to 10 
hours . 

28. A process \f or preparing a compound as claimed in Claim 
19, which comprises /Qepr otecting the carboxy— protecting group 
R 3 or R 8 to give a\|cj*mpound of the following formula: 

R-C-CJOGR 8 

h Jr 

cr*Vr*-coor 3 

(wherein R, R 1 , R 2 are as defined in Claim 1, and one or both 
of R 3 and R 8 are hydrogen) 

by treating with acid, Lewis acid and cation scavenger, base, 
or hydrogen and catalyst in an inert solvent at -50°C to 100°C 
for 1/6 to 10 hours, 
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